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THE COMPUTATIONAL ALGORITHMS HAVE BEEN ARRANGED SO THAT THE USER CAN COMPUTE
EITHER THE POTENTIAL OR POTENTIAL-VISCOUS PRESSURE DISTRIBUTION , OVER THE
SHAPE , AND DETERMINE THE ATTENDANT TWO-DIMENSIONAL HYDRODYNAMIC FORCE AND
MOMENT COEFFICIENTS. THIS PRESSURE LOADING IS NEXT APPLIED TO THE ELASTIC
CROSS-SECTION (OF THE SHAPE) AND A STRUCTURAL RESPONSE (DEFLECTED SHAPE)

IS COMPUTED. (THE METHOD USED FOR THIS PURPOSE IS A FINITE ELEMENT

APPROACH ; THE PROBLEM IS TREATED AS A NON-LINEAR SITUATION WHEREIN LARGE

DEFLECTIONS AND/OR NON-LINEAR ELASTIC PROPERTIES MAY BE ENCOUNTERED.) THIS

PROCESS IS REPEATED UNTIL EQUILIBRIUM BETWEEN INDUCED PRESSURE AND DEFORMED
SHAPE IS ATTAINED.

THIS PROGRAM WAS DEVELOPED TO STUDY CLASSES OF FAIRED UNDERWATER TOWING
CABLES WHEREIN THE FAIRING IS RUBBER (OR OTHER ELASTIC) COMPOSITION ,

BONDED TO A STRENGTH MEMBER , ALL OF WHICH MAY BE ENCASED IN A BONDED
FILM-LIKE COVERING .
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may restart and continue the computation from the last stored check-
point. This procedure represents a savings , in time and costs ,
since the sequence of expensive computations completed before cut-
off need not be repeated .

(6) Finally, data necessary to produce graphs of the pressure distribu-
tion or the deformed foil ’ s shape , after each HYDROSAP iteration ,
may be direc ted to disc or tape storage for subsequent retrieva l

by the BTS— developed plotting program HSGRAF .

2.2 HYDROSAP Organiza tion

In th i s secti on , we describe the organization of the HYDROSAP system an.d

the role of the auxiliary software (Figure 2-2).

The HYDROSAP computation begins (BEGINØ) with the setting of de-~aul t
values for the control variables in NAMELIST /DRV/ . INPUTS reads Tape 5 to

ascertain over-ride control variable values prescribed for the run by the

user . A deta iled explanation of the control variables is given in section

2.4.2 below.

If the user has selected short form input pre-processing , su brout i nes
HYD1N an d SAPIN are calle d to construct, respectively, the HYDRO (Tape 55)

and NONSAP (Tape 66) input files . The fairirig cross-section (profile) is

supplied either from a collection of profile library subroutines (FOIL ~l ,

FOIL~2,...etc.) by DEFALT , or from the in put stream through NAMELIST
/FAIRNG /. Note that only the fai ring ’s upper surface profile need be pro-

vi ded , since HYDIN and SAPIN assume a symetric fairing. Control variables

from NJ4MELIST /DRV/ define the problem ’s operating conditions (angle of

attack , static pressure , and freestream veloc i ty).

Next , SAPIN generates the finite element mesh for NONSAP based on the
upper surface profile geometry and on va l ues of the contro l variables which

define the mesh ‘fineness ” , and the mater ials composition for the fairir ig .

6
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In using the short form input , the fairing is assumed to consist of one or

more of the following parts: a cabl e core (strength member), a fairing t a i l

(afterbody), and/or an enclosing skin. Figure 2-3 shows an example of a

fini te element mesh as generated by SAPIN . TAINT is a table lookup and

interpolation routine used here by SAPIN to convert profile surface coordinates

to finite element surface nodal points .

Of course the user may decline to use the short form input option , in
wh ich case he must supply the complete HYDRO and NONSAP input decks on Tape
5. (Refer to section 3.3 for a detailed description of the HYDRO input , and
to section 4.3 for a detailed description of the NONSAP input.) These input

decks are next deconcatenated and stored on the HYDRO and NONSAP input units ,

55 an d 66 , respect ively .

Wi th pre-processing completed , HYDRO is calle d to compute the hydro-

dynamic l oads for the initial fairing shape . In addition to the pressure

coefficient distribution , HYDRO provides force and moment coefficients for

the profile. Next , CPTOP conver ts the C~ d istribution to a pressure l oad-

ing distribution. Subsequently, TAINT is used on all iterations but the

first to update the fairing profile based upon the deflections computed by

NONSAP . (The HYDRO module is discussed at length in section 3.)

NONSAP is cal le d , i n turn , to compute the structural deformation induced

by the pressure loading . Subroutines LOADER , NDLLDS , and TAINT are used to

conver t the hydrodynamic pressure loading to an (equivalent) consistent

fin ite element “nodal-load” system. As explained in section 4, NONSAP itself
employs an iterative incrementa l solution procedure. (We refer to these

NONSAP iterations as “inner loops ” . The i terations between HYDRO and NONSAP

are cal led “outer loo ps ” .)

The deformed shape is next passed to HYDRO , wh ich computes another pres-

sure dis tribution based upon the new shape . If the user desires , data for
gra phics post-processing can be stored on Tape 88. Another program , HSGRAF ,
is available to produce graphs of the pressure or deformed shape profiles .

8
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At the end of each outer loop , CONVRG is calle d to determine whether an

equilibr ium shape/pressure distribution has been obtained . If equilibrium

is not achieved , another outer loop i teration is initiated . Once an equilib-

rium state is ach ieved , or a user-set limi t on the number of outer loop itera-

tions has been exceeded , HYDROSAP stops.

Finally, we note that either the HYDRO module or the NONSAP module can

be completely bypassed should the user wish to uncouple the hydrodynamic and

structura l computations.

2.3 Interface and Auxiliary Software

In this section we will give short descriptions of the various auxiliary

and interface routines which are used in the HYDROSAP system . Complete sub-

routine descriptions are provided in Appendix B.

BEGINØ A subrout ine to initialize the various HYDROSAP variables and

set default values for the control variables in NAMELIST /DRV/ .

CONVRG An algorithm to test the size of the current relative dis-

placement incremen t against a user-assigned tolerance. This

routine is called after the NONSAP displacement computations

are completed , within each HYDROSAP outer iteration.

DEFALT A subrout ine which calls the appropriate fairing profile

librar y routine during short form input pre-processing .

DRIVER The main HYDROSAP executive routine. It controls execution

of the HYDRO and NONSAP program modules as well as the initial-

iza tion procedure , input file preparation , convergence testing,

and graphics post-processing .

FOILnm Th is is a fairing cross-section upper profile library routine

numbered “nm” . Up to 99 such library routines are possible

within HYDROSAP . These routines provide default surface co-

ord inates for short form input. Currently nm ranges from ~l

to ~5 as follows :

10
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FOILO1 A typical fairing profile measured from a sample of a DTNSRDC
cab le section.

FOILO2 Fairing Model I taken from DTNSRDC Report 4610.
FOILO3 An NACA 0020 profile.
F01104 An NCS 0010 profile.
FOILØ5 A subrout ine reserved for future expansion .

HYDIN This routine builds a complete HYDRO input file based upon
va lues of the control variables read from NAMELIST /DRV/ dur-
ing short form input pre-processing .

4 INPUTO A routine which over-rides the default values of the HYDROSAP
control variables with va l ues read from NAMELIST /DRV/ .

OUTPST This subroutine writes the pressure distribution and deformed
shape data to ouLput Tape 88.

SAPIN The routine which builds a complete NONSAP input file based
upon values of the control variables from NAMELIST /ORV/ dur-
ing short form input pre-processing .

TAINT This is a general purpose “table lookup and interpolation ”
algorithm .

LOADER An al gorithm to control the computation of consistent nodal
loads which are to be appl i ed at the MONSAP fairing surface
nodes, based on the computed pressure distribution from HYDRO .

NDLLDS This subroutine determines the consistent nodal loads using the
fairing ’s surface geometry and pressure distribution .

CPTOP An algorithm which converts non-dimensional surface pressure
coefficients to surface pressures .

WRT14 This subroutine writes the HYDROSAP checkpoint/restart tape,

11
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Tape 14. WRT 14 uses TPSCAN to scan the four NONSAP restart .

.

tapes to determine the number and size (in bytes) of each
tape ’s records. HYDRO restart data is concatenated with the
four NAPSAP restart tapes to form each HYDROSAP checkpoint on
a single uni t, Tape 14.

TPSCAN This subroutine scans a file written with unformatted FORTRAN
WRITE statements to determine the length (in bytes) of each
record and the total number of records.

READI4 A routine which reads and unloads the checkpoint/restart tape,

Tape 14.

2.4 HYDROSAP Input

2.4.1 1nput Stream Format

The HYDROSAP input cards are identified wi th Tape 5 (usually the system

input stream). The input stream consists of six distinct card groups , not

all of which are present in a single run . Only the first two card groups

must be present; the presence or absence of the other four groups is deter-
mined from va l ues assigned by the user to the NONSAP control variables

SHRTIN , HYDSIM , SAPSIM , and N. All of the contro l variables are defined in

section 2.4.2, below . The input stream card groups are as follows :

CARD GROUP 1 Title Card
Card 1 .1 Title of Run

I
Up to an 80 character title for the run .
(This card must appear.)

CARD GROUP 2 Control Variables
Card 2.1 $DRV

12
Header card for NAMELIST /DRV/; si gnals the beginning of
the control input. (This card must appear.)

12
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Card 2.2 SHRTIN~T ,•~~123
Input as many cards as required to override default control
variable values .

Card 2.n
Card 2.n+l SEND

End card for NAMELIST /DRV/; signals the termination of

the namelist string. (This card must appear.)

CARD GROUP 3 Cable Fairing Profile Namelist (optional)
Card Group 3 is present only if SHRTIN=T and N>O in

NAMELIST /DRV/.
Card 3.1 SFAIRNG

12
Header card for NAMELIST /FAIRNG/ .

Card 3.2 XX ( 1)= . . .  ,XX(N )= . . . ,
123

Card 3.m
• 123

{ ( X X ( J ) , Z Z ( J ) ) , I=) ,••• N )  are the profile coordinates , in
inches , for the upper surface of the symetric cable fair-
ing to be modeled . N is set in NAMELIST /D RV/ .

Card 5.m+l SEND

End card for NAMELIST /FAIRNG/ .

CARD GROUP 4 HYDRO Input Deck (optional)
Card Group 4 is present only if SHRTIN=F and SAPSIM F in

NAMELIST /DRV/ .
Card 4.1 Firs t card of HYDRO input deck

} see section 3.3

Card 4.p Last card of HYDRO input deck.
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CARD GROUP 5 Spacer
Card 5.1 99999999

12 3 L .5 6 7 8

A spacer card to be inserted between HYDRO and NONSAP in-
put decks. (This card must be present whenever SHRTJN=F .)

CARD GROUP 6 NONSAP Input Deck (optional )
Card Group 6 is present only if SHRTIN=F and HYDSIM=F in
NAMEL1ST /DRV/ .

Card 61 First card of the NONSAP input deck.

) see section 4.3
Card 6.q Last card of the NONSAP input deck.

2.4.2 Control Variable Definitions

The HYDROSAP Control Variables (Card Group 2 of the HYDROSAP input) fall
into two groups: logical variables and arithmetic variables . The logical
variabl es are true/false switches used to activate the various program options.
The arithmetic variables are used to set values for the integer and real
variables which control the flow of computations (examples are: iteration
counters , output units , mesh fineness , and convergence tolerance), or define
the physica l parameters of the problem under study (such as flow conditions
and material properties). Detail definitions of the control variables are
as follows :

VARIABLE TY PE DEFA ULT I NTERP RETATIO N

CHKPNT LOGICAL .FALSE. .TRUE. Produce checkpoint
(CHeckPoiNT) tape (FT14FOO1 )

~.FALSE. Checkpointing dis-
a bled .

CORE LOGICAL .FALSE. = .TRUE . Fairing has a cable
(core) material

= .FALSE . No distinct cable
(core) present

(SHRTIN= .TRiJE. only)

- 
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VARIABLE TYPE DEFAULT INTERPRETATION

DEBUG LOGICAL FALSE . = .TRUE . Special print in
LOADER: HYDRO and
NONSAP output pro-
vided at each HS
iteration (itera-
tion = outer loop)

= .FALSE. HS print produced at
start of run only.
No ~~~~ output.

ECHO LOGICAL .TRUE. = .TRUE. Echo of HYDRO and
NONSAP input decks
produced .

= .FALSE. Suppress “echo” of
files .

HY USIM LOGICAL .FALSE . = .TRUE . Program operates in
(HYDro SIMulation) the HYDRO simulat ion

mode (SAPSIM must be
.FALSE.)

= .FALSE. Signifies a request
for the full HYDROSAP
run ; or NONSAP
s imula ti on, depend-
ing on the va l ue
assigned to SAPSIM.

POST LOGICAL .FALSE. = .TRUE. The Graphics Post-
processor output is
directed to Unit 88.

FALSE . No operation requested .

RESTRT LOGICAL .FALSE . = .TRUE . Read checkpoint tape
and restart at t ime
TSTART

= .FALSE . Restart disabled .

SAPSIM LOGICAL .FALSE. = .TRUE. Program is to operate
in NONSAP simulation
mode (HYDSIM must be
set to .FALSE T

= .FALSE. Full HYDROSAP run ;
or HYDRO simulation ,
depending upon va l ue
assigned to HYDSIM.

15
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VARIABLE TYPE DEFAULT INTER PRETATION

SHRTIN LOGICAL .TRIJE. = .TRUE . Signifies the short
(SHoRT form INput) form input. An auto-

matic input file gen-
eration occurs (for
foil 9eometry and
state).

= .FALSE. HYDRO and NONSAP in-
put decks , separated
by 999999999, mus t
follow ,~R~~$END on
SYSIN file.

SKIN LOGICAL •FALSE. = .TRUE. Denotes the fairing
cross-section has a
skin attached .

= .FALSE. No skin member is
presumed .

TAIL LOGICAL .TRUE . = .TRUE. The fairing has a
fairing “tail” mem-
ber.

= .FALSE. No fairing tail is
assumed (CORE must be
set to .TRUE. in this
case).

TPR1NT LOGICAL .TRUE . = .TRUE. Terminal sunii~ary out-
(Terminal PRINT) put (error msgs . and

job flow)
= .FALSE . No terminal print.

INTORD INTEGER 3 Denotes the interpolation
(INTerpolation ORDer) order for the pressure dis-

tribution conversion from the
HYDRO surface to the NONSAP
surface.

INTORX INTEGER 1 interpolation order to be
(INTerpolation ORder X) assigned for the displacement

conversion from the NONSAP
surface to the HYDRO surface.

IPANEL INTEGER 2 IPANEL is equivalent to HYDRO
control variable lOP .

IPA PER INTEGER 6 Unit number aSs igned to the
HYDROSAP DRIVER module output.

16
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VARIABLE TYPE DEFA ULT INTER PRETATION

IPRINT INTEGER =NSTEPS Denotes the NONSAP print fre-
quency within HYDROSAP
ITERATION #1.

ISMTH INTEGER 0 ISMTH is equivalent to HYDRO
control variable ISMO .

ITRSWT INTEGER 8 The number of HYDROSAP i tera-
(ITeRation SWiTch) tions using HYDRO potential

flow solution mode 
~~~~~

IWRTO INTEGER 6 Denotes the NONSAP output
UNIT.

IWRT1 INTEGER 6 Denotes the HYDRO output unit.

LOOPMX INTEGER 1 Signifies the maximum number
(LOOPMaXimum) of HYDROSAP iterations (outer

loops) allowed .

MESHC INTEGER I Denotes the number of chord-
(MESHChordwise) wise interior stations used

to generate the finite ele-
ment mesh , when SHRTIN is
set to .TRUE .

MESHT INTEGER 1 Denotes the number of lateral
(MESHlhickness-wise) interior stations used to gen-

erate the finite element mesh
when SHRTIN is set to .TRUE.

N INTEGER 0 N>O Signifies the number of
upper surface coord inate
pairs to be input through
NAMELIST $FAIRNG-$END , fo l-
l owing NAMELIST $DRV-$END ,
on SYSIN .

N=O Means no fairing profile
is input.

N<O A pointer for profile
library routine N I .
Thus , N= -2 reads profile
points from subroutine
FOI LO2.

(Applicable when SHRTIN set to
.TRUE ., only.)

17
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VARIABLE TYPE DEFAULT INTERPRETATION

NSTEPS INTEGER 20 Denotes the number of (quasi-
static) load steps to be used
in applying the field pressure
load to a fairing , in NONSAP ,
during HYDROSAP iteration #1.

Note: NSTEPS should be increased when the message “OUT-OF-BALANCE
LOADS EXCEED INCREMENTAL LOADS” is obtained .

ALPHA REAL*8 0.00 Angle of attack (deg.)

ECORE REAL*8 1.006 Young ’s modulus for the core
material (psi).

ESKIN REAL*8 l.D04 Young ’s modulus for the skin
material (psi).

ETAIL REAL*8 l.D04 Young ’s modulus for the fair-
ing tail ma terial (psi).

PCORE .3 Poisson ratio for the core,
PSKIN REAL*8 0 skin , and tail ,
PTAIL .3 respectively.

PZERO REAL*8 l4.7D0 Static pressure loading (psi).

RHO REAL*8 2 .00 1120 density (slugs/ft 3).

TOL REAL*8 lx lO 2 Denotes the HYDROSAP conver-
gence tolerance level . Con-
ver gence is achieved when rms
displ acement increment
<(rms displacement ) * TOL .

ISKIN REAL*8 .005 Skin thickness (inches)
(applies only if SKIN is set
to .TRUE.).

TSTART LOGICAL 0.00 Applies only when RESTRT=
(Time of reSTART) .TRUE. HYDROSAP will restart

at checkpo int for time TSTART.

VFRSTR REAL*8 22.00 Free stream velocity (fps).

Y1CORE REAL*8 0.00 Chordwise l ocation of the core
startin g point.

Y2CORE REAL*8 0.00 Chordwise location of the core
end ing point. 

18



2.5 HYDROSAP Output

The output for the entire HYDROSAP program can be divi ded into four

groups : HYDROSAP printer output , HYDROSAP terminal sumary output , HYDRO
module output , and NONSAP module output. The user may control the presence

of these output forms through the HYDROSAP control variables IPAPER , IWRT0,

IWRT1 , and TPRINT , as discussed in section 3.4 and section 4.4 below. In

this section we wil l briefly discuss the HYDROSAP printer and terminal out-

put.

2.5.1 HYDROSAP Printer Output

HYDROSAP pr interoutput appears on unit IPAPER (usually unit 6).

Basica lly it contains a listing of program control information , convergence

data regarding the HYDRO-NONSAP iterations , for “full” HYDROSAP runs , and

any error messages which may occur .

Ininediately following the banner title is an echo of the values of the

entire control variable namel ist , /DRV/ . If the user has set ECHO=T , the
next data appearing on the printer listing is an echo of the HYDRO and/or

NONSAP input deck card images . The echo is preceded by the messa ge

ECHO OF INPUT DECK FOR HYORO AND NONSAP SUBPROGRAMS

and followed by the message

END ECHO

The HYDRO and NONSAP decks are separated by the notation

--END HYORO INPUT ; BEGIN NONSAP INPUT--

Following the input stream echo on unit IPAPER are messages marking the

beginning of each outer iteration . The usual practice is to direct HYDRO and
NONSAP output to the printer as well (IWRT1=IWRTO=IPAPER 6), thus the results

19
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of the hydrodynamic and structura l deformation computations appear in sequence
for each RYDROSAP outer iteration.

Following the HYDRO and NONSAP output for each iteration is a message
from subroutine CONVRG . The current relative displaceme , t. error, RATIO , and
the user ’s input convergence tolerance , TOL , are listed . ISTOP equals
zero until RATIO~TOL, in which case ISTOP is set to 1 and the computations
are terminated . The computations also terminate if the iteration counter ,
ITER , exceeds the user-set maximum , LOOPMX . The displacement increment and
tota l displacement for each degree of freedom are listed in compacted form
in order of equation number. Finally, the output ends with an informative
message explaining how the computat ion termi nated .

2.5.2 HYDROSAP Termi nal Summary Output

Terminal summary output appears on unit 12 if TPRINT=T. A sample of
terminal summary output is given in Figure 2-4. The user is informed as the
HYDRO and NONSAP modules are accessed during each HYDROSAP outer iteration .

The results of the convergence check , at each outer iteration , are also given ;
and , a final message informs the user of the run ’ s method of termination.
Under abnorma l circumstances any error messages generated by the program are
reproduced here also.

20
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- COMMENCE HYDROSAP EXECUT I ON
... ITERATION I •..
BEGIN HYt IPO PHASE
END HYt ’PO PHASE
BEGiN NONSAP PHASE
END NONSAP PHASE
ERROR = 1. 000DB Oil . l~~. P. T.  UNITY = I. o:’ooD ‘~‘3. NOT CONVERGED.+. ITERATION 2 0..

BEi~ IN  HYtIPO PHASE
END HYDRO PHASE
BEGIN NONSAP PHASE
END NONSAP PHASE
ERROR = $.51’04D—’:’5. ~~~~~~~ U N I T Y  = S . 5 0 0 4 D — 0 2 .  CONVERGED
PUN TERMINATED BECA1I~ E CONVERGENCE ACHIEVED

Figure 2-4. Sample of Termina l Print Summary

21
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3. DESCRIPTION OF HYDRO - THE VISCOUS /POTENTIAL FLOW SUBPROGRAM

This component of HYDROSAP is the program segment used to describe

the hydrodynamic loads which are applied to a streaml i ned fairing ’s cross-

section. The particular collection of algorithms and subroutines , found
here , have evol ved from the systems described in [l ,2],* and provide a basis

for the system described in [2). The utility of this program segment has

been a l l u ded to ea r l i e r ;  therefore , the present section of the documentation
has been prepared to provide the reader with a general understanding of the

program ’s opera ti on, i ts attributes and its general limitations.

Included i n the fol low i ng paragra phs i s an overv i ew and descr ip t i on of
HYDRO; a short description of the subroutines , etc. comprising the system;

and a brief discussion on the input format required to run the program.

Should the reader desire a more detailed discussion and description of the

theory , etc., used in building the system, the references (included herein)

shoul d be consulted (especially [1], [2), [3] and [4]).

3 .1 Pro gram Descri pt ion

The “hydrodynamic loading ” prog ram , wh ich has been given the name HYDRO ,

here , is constructed in four segments. Each of these subsystems p lays a di s-
tinct computational role in developing the foil ’ s pressure distribution ,

and in the generation of force and moment coefficients which characterize

the fairing section . A descriptive flow chart for this program is given

on Figure 3.1.

The princ i pa l program segments here are (each) controlled by one of the

following subroutines: AIRGM , POTFL , BDLYR and LOADSØ. In the next few

paragraphs a word description of their operation and function will be given .

Nee d less to say , there is one overriding (executive ) routine , in the pro-

gram ’s h i erarchy , which has the function of initiating, ma i nta i n i n g  and
execu ting control over the entire subsystem . This routine has been (appro-

priate ly) dubbed , HYDRO.
I

~Num bers appearing in [ 3 denote references. 
— .~~~~
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READ : control information and
INPUT input data
PHASE Compute geometry for panel distribution ,
AND loft foil and determine longest chord
CONTROL Establish e-dis tribution for foilOPERATION geometry

POTE NTIAL Compute velocity distribution due
FLOW to foil thickness
( F I E L D )  Compute velocity distribution dueCOMPUTATIONS to camber (only)

, — __

IF IPOT = (0,1) viscou s boundary l ayer is
simulated by (geometry change , distributedVISCOUS source singular ities)FLOW

(FIELD) Combine velocities , (and for subsequent
COMPUTAT IONS computational manipulations ) describe viscous

veloc ity di stribution by iterative operations
(based on boundary l ayer influences)

PRESSURE I Compute Pressure Distribution for I
DISTRIBUTION I foil geometry (and conditions)
DETERMINATION assumed

Compute hydrodynamic Force and Moment
FORCE AND coefficients (from known pressure and
MOMENT COEFFICIENTS , shear (force) distributions)
AND PRESSURE Calculate pressure loading , for theLOADING fo i l, based on known pressureCOMPUTED distribution and flow field state

END

Figure 3.1 . HYDRO Flowchart. Program Operation for
Single Element Streamlined Foil
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3.1.1 The Foil Geometry Section

The AIRGM segment is responsible for reading in the input data , perform-
ing the various geometry chores needed in setting up a problem , and esta b lish-
ing the various geometric relationships required in the subsequent analysis.

One of the major chores performed by this routine is the distribution of

(geometry) “panels ’ needed for the pressure distribution calculations. In

this rega rd the system has three options available internally; the choice

of option is user controlled through the input stream. The default option

(presently available) is a distributi on of “panels ” according to the degree

of local surface curvature .

The various subroutines making up the AIRGM segment of this program can

be seen on the HYDRO structure map in Appendix A.

3.1.2 The Potential Flow Field Section

The next segment called is that which computes the potential flow solu-

tions for the foil geometries prescribed . The prima ry subroutine here is

POTFL; the other subroutines comprising this segment are readily identified

on the structure map (Appendix A).

In the calculations performed here the velocity distribution , for a foil,

is developed by a superposition of velocity fields . In this regard the

velocity contribution due to foil thickness (alone) is added to that due to

camber , and this combination is subsequently modified to show the influence

of boundary layer (as it develops over the surfaces). In pursuit of this

la tter effect ,the program , con tr o l l e d by i nput , has the option of simulating

the boun dary la yer ’s effects by: (1) modifying the foil’ s geometry ; or ,

(2) introducing a distribution of source singularities to account for the

layer ’ s bu ildup .

During the first two computationa l iterations (in this program segment)

the veloc ity distributions due to thickness and camber -- for the basic foil

geometry -— are computed . For all subsequent iterates these velocities are
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recalcula ted, accounting for the influence of boundary layer dis placement

thickness over the basic foil’ s geometry . Of course, when the viscous
bounda ry layer is neglected the computat ional procedure is considerably

shortened and the need for “iteratio ns ” i s removed .

Calculations for the velocit y fields (due to foil thickness and camber)

make use of Oellers ’ Vortex Distribution Method [5], us ing the scheme which

is outl ined in [4). Incorporated in with these computations is the procedure

used (here) to satisfy the Kutta condition for the foils. The procedure

used represents a modified Kutta condition wherein the upper and l ower sur-

face vortex s trengt hs are ma tche d i n ma gnit ude , but assigned opposing
signs.

If the viscous boundary layer is simulated by a distribution of source

singularities then the subroutine (SOURCE) is called . Otherwise the bound-

ary l ayer ’s influence is provided for by modifying the veloc i ty field for

foil camber. For those cases where trailing edge thickness is not zero, the

velocity field due to thickness is altered through a closure of the geometry

one cnord length downstream of the true trailing edge.

One d ifficulty with the present program is that it does not have the

ability to handle separated flow (until recently*, this was typical of the

var ious analytical simulations). Another discrepancy , wh ich may be remed i ed

soon , is the manner in wh ich the wake (behind the foil) is modeled ; and ,

the attendant drag increment attributed to such a wake . The present system

accounts for the increase in drag solely through an empirical procedure based

on tests with truncated airfoils.

Since the veloc i ty field , about the foil , is determined here then the

pressure distribution is computed here, also . In addit ion , should there be

any reason to make corrections for compressibility , then th is would be the

place to do so. (For those readers desiring a concise but illuminating dis-

cussion on various aspects of the genera l theories alluded to, here , ref-
erence [6] is recommended.)

~See Reference [15].
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3.1 .3 The Boundary Layer Computations Section

The boundary layer segment of the HYDRO program is designed to provide

needed calculations for the boundary layer ’s influence . The segment is

controlled by the routine BDLYR , with calls being made (primarily) to LAMBL

and TURBL . There the laminar and turbulent boundary l ayer algorithms

reside; and there the needed caluclations are made . Since HYDROSAP is

designed to analyze a single element foil (only) the confluent boundary

layer portions of this segment are not called or exercised .

The subroutine LAMBL is based on the theories of Cohen and Reshotko

[7 3 , as modified by Goradia , and work published in Schlichting [8]. In

addition to computing the boundary layer th i ckness , the program determines

the (laminar) friction coefficients and establishes laminar separation loci.

The subroutine BLTRAN is called to determine the boundary layer trans-
ition points (if the free transition option is prescribed).

The turbulent boundary layer calculations are provided for in the sub-

routine TURBL. There, the al gorithm (used ) is based on Truckenbrodt ’s

Integral Method [9], as mod ified by Goradia. In addition to computing the

usual viscous flow parameters , this subroutine also calculates a value for

the drag coefficient based on the approximate theory due to Squire and
Young [10]. (See the structure map, Appendix A , for details regarding the

other subroutines contributing to the boundary layer segment of the pro-
gram.)

3.1.4 The Hydrodynarnic Loading Parameters Section

The last segment of this subprogram is controlled by the subroutine

LOADS~. Here the (usual) force and moment coefficients are computed , us ing

the known pressure and shear force distributions existing on the foil. In

this algorithm the incrementa l coefficients are evaluated for contributions
due to C~, and due to Cf ; these are then converted to CL and CD
values; the moment coefficients at (near) the aerodynamic center (C/4) are
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determi ned; and , the lift-to-drag ratio is established .

With these data in hand the engineer is made aware of the foil’ s
sectional hydrodynamic characteristics -- as these are computed for the
deflected shape (geometry) -- and , the last operational step to be performed

is the conversion of these loading parameters to pressure loads. The sub-
routine CPTOP is called for this fina l conversion operation. After this

last task is completed , the loads can be passed to the NONSAP subprogram
where the foil’ s elastic response (deflections) will be ascertained .

3.2 Subroutine Descriptions

In this section of this document a brief word description of all sub-

routines comprising the HYDRO Subprogram is presented . This information ,

coupled with the chart shown in Appendix A , will add to the statements

above, acting to provide a general understanding of how the subprogram func-

tions.

AIRG~ Reads in put data for a (multi—compo nent) airfoil , and does the
computations needed to describe the geometry of the Panel Model

used in the Potential Flow and Boundary Layer Programs .

BDLYR This subprogram serves as a control routine performing the manage-
ment chores for all Boundary Layer computations .

BLTRAN The Boundary Layer Transition routine; performs those computations

needed to determine and describe boundary layer transition
phenonema .

CAMBER An algor ithm which computes the coord i nates for the “equiva lent”
airfo il; an airfoil modified to account for boundary l ayer dis-

placement thickness. The new (equivalent) airfoil shape is

obtained by adding a camber line (addition) computed by averaging

the upper and l ower surface displacement thicknesses to the (base)

camber line for the basic airfoil geometry .
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COMPR This subprogram computes the local pressure coefficient (distribu-.
tion) using the Karman-Tsien correction (law); also , it estab-
lished the stagnation point locus (on the airfoil) .

CONFBL* A subprogram which provides the computational needs in calculat-
ing the confluent boundary layer.

CDNF5* Goradia ’s computationa l method for a confluent boundary layer ,
in the “core region” .

CONF7* Goradia ’s computationa l method for the confluent boundary l ayer ,

in the “ma i n reg ion ” of the airfoil system (main reg ion 1).

CONF8* Goradia ’s computational procedure for the confluent boundary

layer (in main region 2).

CUBSPL* A computationa l algorithm used to fit a cubic spline through a

curve form , y(x)

CURV (A Function routine.) Employed to compute surface curvature , at
a given air foil surface location (at a specific Theta locus).

DERV A subroutine which computes derivaties of a tabulated array,
Y - F ( X )  . The method utilized a weighted average of derivatives

obained by a quadratic fit to points (J-2 , J-l , J), (J-l , J, J+l )

and (J , J+l , J+2).

DLIM (A specialize function (routine) called by CONFBL.)

DSTEQ A computationa l procedure used to “smooth” the DSTAR distr ibution

out put from the boundary l ayer routines .

*These subroutines are not required for the single element foils dealt with
in the present study; however , they are retaine d (and discussed ) since they
constitute a par t of the total computational program and may be of value
to future users .
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PROOT A subprogram which finds the roots of a cubic polynomial. In

this routine: A a coefficient vector , and X a solution
vector , for A(l)+A(2)*X+A(3)*X**2+A(4)*X**3 0; X is complex

and X X(l)+1X(2).

PRTCRD A “pr in t ” routi ne -- “prints ” the coord i nates of a lofted multi-

component airfoil system .

PRTGM A “print” routine -- “prints ” the input airfoil geometry, prior

to lofting.

READIT A “read” routi ne -- “reads ” the input data for the multi-component,

two-dimensional viscous airfoil programs .

SIMSOL A “solut ion” algor i thm -- solves the linear simultaneous set of

equations , AX = B , in N-unknowns , and returns the solution in B.

SMOCR A “smooth ing” routine -- smooths the input airfoil coordinates by

consecutively fitting a least squares polynomial (of degree four)

through seven points at a time .

SMOOTH A subprogram designed to smooth an array, Y ( x ) ,  wherein Y (X) is

replaced by a weighted average of Y (X) and the average of two (2)

predictions of the Y (X) va l ues obtained from a least squares fit

to four (4) values of Y(X) beginning at the ~th and ~th - 1 loc i ,

respecti vely.

SOURCE A subroutine developed to compute the source singularities

(strengths) which will produce the equivalence to a boundary layer
displacement thickness.

THKVL An algor ithm designed to compute a veloc i ty distribution based on

a irfoil thickness for a viscous flow airfoil shape oriented at

zero degress angle of attack.
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GAPA* This routine computes the “gap ” distance between forward and after
components of a multi-component airfoil system. Gap is defined
as the distance from a lower surface trailing edge to the upper
surface of a following (after airfoi l) element.

GEOM This routine lofts and “panels ” each component of a multicomponent

airfoil system.

HYDRO The main control (management) routine for the entire computational

procedure. This subprogram makes calls to: AIRGM (for input

da ta and geometry calculations pertaining to the aerodynamics
I’ model ); POTFL (where the potential flow calculations are executed ,

about the equivalent airfoil shape(s)); BDLYR (where boundary

layer properties are established); LOADSØ (where the aerodynamic

loads are computed); and to the various graphics routines (where

graphics output da ta are stored , and readied for presentation

v ia a selected mode of presentation).

INPUT ** A subprogram which lists input requirements for the multi-component ,

two-dimensional viscous airfoil program .

INTER An interpolation routine.

• 

- 

KUTTA An algorithm which computes the aerodynamic influence coefficients

for a modified Kutta condition. (The condition , as stated ,

requires tha t the unit vortex strength(s) vary quadratically over

the last four (4) panel (end~ point s near to the upper and l ower

surface trailing edge loc i ; and , tha t at the trailing edge the

upper and l ower surface unit vortex strengths be equal in magni-

tude but opposite in sign.)

*These subroutines are not required for the sing le element foils dealt with
in the presen t study ; however , they are reta i ned (and discussed ) since
they constitute a part of the tota l computational progran and may be of
value to future users .

**No t present in the current version of HYDROSAP .
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LAMBL The laminar boundary layer algorithm.

LOADS~ This subprogram computes the force and moment coefficients , for
the multi-com ponent airfoils , using the known pressure and shear

(force) distributions.

OELLER Computes the aerodynamic influence coefficients , for the airfoils ’

potential flow field , us ing Oeller ’s singularity distribution

method (see NASA CR-2523 (1975) for a detailed description of the

method ).

OVRLAP * A computationa l algorithm which calculates the overlap distance

between “forward” and “aft ” Components of a multi-component air-

foil system.

PAUEL A subprogram designed to distribute a desired number of (computa-

tional) panels over the (profile) surface of an airfoil shape .

POTFL An algori thm for computing the viscous/potential flow about an

~~ j~~jen! mult i-component airfoil shape -- one coriposed of the

basic airfoil (geometry) with the boundary layer displacement

thickness added .

Note: If IPOT 0, the viscous boundary layer is simulated as

cha nge in geometry ; IPOT 1 , the boundary l ayer effect

is simulated by distributed source singularities .

POTVL This subroutine calculates a potential flow velocity distribution ,

over a mul ti-component airfoil system , using Oeller ’s Vortex
Distribution Method , but with boundary conditions modified to

include a distributed source field.

*These subroutines are not required for the single element foils dealt with
in the present study ; however , they are retained (and discussed ) since
they constitute a part of the tota l computational program and may be of
value to future users .
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TRANS* A subroutine which is employed to translate and rotate the co-
ordinates of the several airfoil components , of a multi—com ponent

system , relative to the basic frame of reference.

TURBL An al gorithm developed to compute the turbulent boundary layer
properties via the Truckenbrodt Integral Method (as modified by

Goradia).

3 .3 HYORO Input

This section gives details on the required input file content to the

HYDRO subprogram module. When the HYDROSAP p rogram is operat i ng with
SHRTIN = .TRUE., the short form input mode , this file is automatically

developed internally. On the other hand , when a specialized user app lica-
tion prograni is to be employed , the user will necessarily prepare (much of)

this file and read it in as program input.

No d i scuss ion , or description , of those con trol cards which are not

applicable to the present use of this program (e.g., the con fluent boundary

layer , and special geometric descriptions) will be given .

HYDRO Input Deck

CARD 1: Ti tle Card FORMAT (9A10)

TITLE - 80 col umn title.

CARD 2: Foil Component Control Card FORMAT (2FlO.O)

NC - Number of foil components (for HYDROSAP this number is

uni ty~.

(Continued )

*These subroutines are not required for the single element foils dealt with
in the present study ; however , they are retained (and discussed ) since
they cons titute a part of the total computational program and may be of
va l ue to future users .
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NCPC - number of computational points for (each successive )

foil component (NCPC ~ NCMAX and ~ 81)

CARD 3: Plot Control Cards FORMAT (4F10.0)

(This card set is machine and hardware dependent - -  a descri ption ,
for plotting, is not given here since the routines currently used

are not for export.)

CARD 4: Geometry and Panel Control Cards FORMAT (4F1O.O, 4A1O)

NPP - Number of pivotal points referenced to (each) foil

component (0 ~ NPP ~ NC-l).
SF - ScaL. actor for (each) foil component (this factor con-

verts componen t geome try and assoc i a ted trans iti on
points , as well as pi vo tal po int coor di nates , to feet).

lOP - Panel distribution option indicator (NCPC-l panels for

each componen t).

IOP=O. Panels are distributed so that regions , on the
fo i l sur face , w ith grea tes t curva ture have
smaller sized panels.

IOP=l. Panels are distributed by means of a modified

cosine/sinh method .

IOP=2 . Panel s are distributed in accordance with (and

the same as) the input geometry .

ISMO - Maximum number of coordinate smoothing i terations allowed

(for no smoothing set 1SMO=O).

CLABEL - 40 column component label .

CARD 5: Pivotal Point Coordinate Description FORMAT (8FlO.O)

XP ,ZP - Coordinates of a pivotal point , referenced to (each)

foil component (card omitted if NPP=O).

CARD 6: Fo il Coordinate Count Designation FORMAT (FlO.O)

NU - Number of fo i l upper surface coor di na tes
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CARD 7: Foil Coordinates (upper surface) FORMAT (2FlO.O)

XU ,ZU - Foil upper surface coordinates in (x,z) pairs - -  start-

ing a t the leading edge and end i ng at the trailing edge

(input NU cards).

CARD 8: Foil Coordinate Count Designation FORMAT (Fl(j.O)

NL - Number of foil l ower surface coordinates .

CARD 9: Foil Coordinates (lower surface) FORMAT (2F10.O)

XL, ZL - Foil l ower surface coordinates in (x,z) pa i rs -- start-
ing at the leading edge and ending at the trailing edge

(input NL cards ; NOTE THAT NU+NL ~ 200).

Note: CARDS 4 through 9 are input once , per foil , since N C 1  (in

the HYDROSAP program).

CARD 10: Foil Component Index Card FORMAT (FlO.O)

JM - Index designation for the main (reference) foil component

(card omitted when NC =l).

CARD 11: Foil Component Index Card FORMAT (5F10.O)

IC - Index for foil component.

IPP — Index for pivotal point , to be used , in “p l a c i n g ” this

compoflent.

ICR - Index for the foil reference component.

IPPR - Index for pivota l point , on the reference component , to

be used in “p lac i ng ” this component.

DELTA - Rotation angle between this component’s coord i nate frame

and the reference component’s coordinate frame (in

degrees; clockwise rotation is positive).

Note: CARD 11 is repeated NC- l times (card omitted when NC=l).

CARD 12 : Angle of Attack Count Card FORMAT (F lO.O)

NA - Number of angles of a ttack to be i nput ( 1 NA ~ 10).
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CARD 13: An gles of Attack Described FORMAT (8F10.O)

ALPHA - Angle of a ttack , ir degrees (NA values input).

CARD 14: t’~~ h Number Count FORMAT (FlO.O)

NM - Number of freestream mach numbers to be input

(1 ~ NM ~ 10).

CARD 15: Freestrearn Mach Numbers Described FORMAT (8F10.O)

FSMACH — Freestream mach number (NM values input).

CARD 16: Added input Information FORMAT (2F1O.O)

CREF - Reference (foil) chord , in fee t. (Th i s value i s used ,
internally, to nondimensionalize output quantities.)

RN - Reynold ’s num ber , based on reference chord (CREF) and

freestream conditions. (TOTAL RN is expressed in

MILLIONS.)

CARD 17 : Transition Point Descri ption FORMAT (6F10.)

LTRANU - Upper foil surface transition option .

LTRANU=0 implies “free ’ transition (XTRAN=ZTRAN=O.O).

LTRANU= l implies “fixed ’ transition .

XTRANU - Upper surface x-location for a fixed transition .

ZTRAN (J - Upper surface z-location for a fixed transition .

LTRANL - Lower surface transition option.

XTRANL - Lower surface x-locatio n for a fixed transition .

ZTRANL - Lower surface z-location for a fixed transition.

Note: CARD 17 is repeated NC times (NC=l in HYDROSAP).

CARD 18: Confluent Boundary Layer Control Card FORMAT (8F10.O)

ICFL - Confluent boundary layer option (NC-l values input;

card omitted if NC=l).

ICFL=O . Do not compute confluent boundary l ayer for

this foil component.

(Con tinued)
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ICFL =l. Compute confluen t boundary layer for thi s fo i l

componen t.

3 .4 HYDRO Output

Out put from the ~-IYORO subprogram , described below , refers to the printed

information produced at the GSFC computing center following the successfu l

execution of a typica l HY DROSAP run.

The printed output , received from the computing center , cons i sts of
all information requested (both as special print output plus the “usua l ”
information provided to the user). These data normally appear as a three

tiered comp ilation consisting of: HYDRUSAP input “echo ” da ta; the HYDRO
subprogram ’s output segment; and , the NONSAP output segment. It is the

middle segment of the data output which is discussed below .

3.4.1 HYDRO Print-out Information

This output segment begins immediately following the message titled ,

‘ END ECHO” . Th is message denotes the terminus for the HYDROSAP input stream ,

which has been “echoed” . Should an echo of the input stream not be

requested , then the terminati ng message would ha ve followed (immediately)

the namelist (DRy ) echo.

HYDRO output begins with an identification message, followed immediately

by a listing of the input foil coord i nate data (see section 3.3 for notations

and a listing of the input quantities).

The input coord i nates are repea ted in the same forma t as the data were

entered into the program -- the input calls for these coord i nates to be

ex pressed in inches.

Next , a tabulation of the dimensionless , redistributed coord i nates --

with arc length (SARCJC) and theta-equivalent point desc riptions (THETA)

noted in parallel vector arrays. The man ner in whic h this “redistribution ”
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is made depends on the (user suppl ied ) value given to variable (lOP); see

section 3.3 for discussion.

The SARC /C tabulation is included in the output to denote the surface-

arc length , to each point station on the foil’ s surface , measured from the

trailing - along the l ower surface - and over the upper surface - (back) to

the trailing edge. These data (and the theta—distribution table) are of

in terest to the aero/hydodynamists; they are of small value to the engineer.

Followin g the table is a section , in the printout , headed “Load
Summary Shee t - . .“ . The information listed here (by i teration number) is

of more use ~n the program ’ s moni tor than to the en gi neer seek i ng informa-
tion . Nonetheless , for completeness and clarity , some explanator y comments

shoul d be made regar di n g the i nforma ti on conta i ned here .

Recall tha t for a Viscous/Potential Flow problem the program must

operate in an iterative mode , to obtain a solution , in or der to accoun t for
boundary layer buildup over the foi l’ s surface. (In the event tha t a “clas-
s ica l ” poten ti al flow solu ti on wou l d be c a l l e d fo r, there woul d be no need
to “iterate ” an d a solution would be forthcoming immediately.)

The tabulated data , presented for each i teration , li s ts the component
number (only unity will appear for the HYDROSAP program), followe d by the
“derived ” information. These latter data denote flow—field conditions and

the force and moment coef fi cien ts wh ich have been determined from the i nte-
grated pressure - shea r distribution(s). A header line , noti ng phys i cal
conditions for the eva l uations precedes the above discussed t’bulation.

He re a Mach num ber i s d i splayed since the program requires a small input

value, for this parameter , in or der to run properly . The Reynold ’s num-

ber show there is a value (calculated ) representative of the appropriate

conditions for the current problem .

The reader will note that for a (genera l type) viscous flow solution

there will be severa l iterations required in obtaining a solution; and ,

that each such iterate will have a tabulation (as described above). Once
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an acceptable solution has been achieved , the program does a li st ing of the
“f inal” values developed within the various program segments.

First , there is a listing headed “Boundary Layer Data ” -- this tabu-

lates (by surface coordinates) the l ayer information. Here a description

of the laminar -tur bulent regions , over the upper and l ower (foil) surfaces

is given (by column vectors correspoinding to position). Aside from these

loc i, the most useful information presented in the tables will be the

columns headed “CP” and “Cr” . These describe the local values for pres-

sure coefficient (CP) and skin function coefficient (CF). The other data

l isted pertain to a description of the boundary layer solution (DSTARC ,

THETMC , H and DELTA/C); also listed are local flow conditions (ML), and

arc length (S/C) -- as mentioned above.

A notation , f o l l o w i ng each ta bu l a ti on , denoting separation , refers to

the laminar separation ; this and the reattachment message are indicators

of other computed flow field conditions whi ch exist because of the boundary

layer situation. (The reader is advised (again) that , at present , we are un-
able to adequately predict “flow separation ” from the foil ’ s surface.)

Immedi a tely f o l l o wi ng the tab u l a ti on for boun dary la yer i nfor ma t ion i s
the final load summary table. Here the last predicated values (describing

• hydrodynamic characteristics , stagnation and transition loc i , etc.) for the
foil section are listed for the readers ’ perusal and subsequent use. The

las t line of the summary makes note of those prima ry parameters ascerta i ned

from the analysis. There the lift coefficient (CL), predicted drag coef-

ficient (CD), the Squire-Young profile drag coefficient (CDSY), momen t
coefficients (nose and quarter-chord va l ues) and the lift-to-drag ratio

(CL/CD) are indicated .

This line summa ry completes the HYDRO output and signals a termination

of the “usual” information displayed from the subprogram.

Following the HYDRO output section is a like listing from the NONSAP
subprogram. A discussion of these output data w ill be found in section 4.
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4. DESCRIPTION OF NONSAP - THE NONLINEAR STRUCTURA L ANALYSIS PROGRAM

The finite elemen t program NONSAP (Nonlinear Structura l Analysis Program)

was originally developed in 1974 [11]. NONSAP may be used to analyze the

static or dynami c response of one , two, or three dimensiona l structures ,
including the effects of geometric and/or material nonlinearities.

In this section we give a brief overview of NONSAP’ s ca pabilit ies and
opera t ion, provide a short description of the various NONSAP subroutines ,

and describe the NONSAP input format. However , for a more complete and
detailed description of the NONSAP theory and operation , the rea~Jer is
referred to the origina l program documentation [11 ,12].

4.1 Program Description

The N ONSAP prog ram was develo ped to solve stat i c or dynamic , li near or
nonl inear structural problems . The nonl i nearit ies may be due to material
behavior (elastic, hyperelastic , and hypoelastic material models are avail-

able) or to the effects of large displacements and large strains. The
equations of motion of continuum mechanics governing the behavior of the

structure under study are discretized in the space variables through the use

of isopa rametric finite elements. The equations are discretized in the

time variable through either a Wilson-Theta or a Newmark-Beta time integra-

tion scheme. The resulting nonlinea r equations are solved using an

i ncremen tal metho d a pp roach , one which corresponds to a modified Newton

i teration scheme .

The structural systems to be analyzed may be modeled using a variety

of f i n i te elemen t types; these are:

one-dimens ional truss elements,

two-dimensional plane stress or plane strain elements ,

two.dimensiona l axi-symetric shell elements , and

three dimensiona l solid or thick shell elements .

j i~ECEDIrG PAGE BL#JE-NoT FIU4ED
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Since nonlinearitie s may be due to nonlinear ma terial behavior as well

• as to large displacements or large strains , there are several material des-

cr iptions available in the program. These include:

• an isotropic linear elastic material model ,
an orthotropic linea r elastic material model ,

• the i4ooney-Riv lin model ,

an elast ic-plastic ma terial with von Mises or Drucker-Prager

yield conditions ,

a var iable tangent model , and

• a curve description model .

Curren tly, the HYDROSAP prgram makes use only of the one-dimensional truss

f i nite elemen t, the two-dimensional plane strain element, and the isotropic

linear elas tic material model . All nonlinea rities are , there fore , geo-
metr ic. Moreover , HYDROSAP uses NO~SAP routines in the nonlinea r static

solution mode with the “updated Lagrangian ” solu tion procedure. As a con-

sequence , the discussions below will be restricted to those NONSAP procedures

and opt ions wh i ch are curr en tly employed i n HYDROSAP .

4.1.1 Incrementa l Equil ibrium Equations for Structural Systems

• 

- Using the well-known and well documented [11 ,13 ,14] method of finite

elemen ts , the incremen tal nodal po int equ i lib r i um equa ti on s for an assem-
blage of finite elements take the form

M U(t+At)+ C t~( t+ 1it)  + K(t) Au = R(t+At) - F(t) (1)

w here

ti = the constant mass matrix ,

C = the constant damping matrix ,

K(t )  = the tangen t st i ffness matr i x a t ti me t

R(t) = the external applied load vector at time t

F(t) the nodal point force vector (of stress—equ ivalent

internal reactions) at time t
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u(t) = the vector of nodal point displacements , at time t
Au = the vector of nodal point displacement increments from

time t to t+At : u(t+At) - u(t)

t = time , and

At = time increment.

Of course , in a static analysis M=C=O , wh ile time is regarded only as a

loading parameter used for applying the external load in “quas i static ” load
incremen ts. Also , in a nonl i near anal ys i s , the solu tion of (1) yields

only approximate solution increments , ~u . In order to improve the solu-

tion accuracy and to prevent the buildup of solution instabilities , equi lib-
-f  rium iterations may be used at selected time steps .

In the nonlinear static case an equation system of the form

K(t) (Au )14l = R(t+At) - F1 i 0, l ,2,••• (2)

is solved by i teration . Here F0 F(t) and F
~ 

is the vector of stress-

equivalent internal reactions corresponding to the displacement vector

= u . 1 (t+A t) + (Au). - The solution of (2), by i teration , is

clearl y a modified Newton method for (1).

4.1.2 NONSAP Solution Process

The complete NONSAP solution process consists of three distinct stages :

input, a ssembly, and step-by—step solution (see Figure 4-1).

Input Stage

In t hi s stage , con trol and nodal point input are read and/or generated

by the program; and equation numbers for the active degrees of freedom at

each nodal point are established . In addition , externally applied load

vectors are established and then stored on tape . Finally, the element
data are read y and/or generated , el ement connectivity arrays are established ,

and all element dataare then stored on tape .
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I REA D control in form at ion
INPUT I Establ is h noda l data
PHASE I Estab lish loads data and

I store on TAPE 3
Establish element data

MATRIX I ASSEMBLE li near str ucture )
ASSEMBLY s t i f fne ss mat r ix
PHASE STORE on TAPE 4 j

••
-1

I COMPUTE linea r effect ive loads
READ linear s t i f f ness  from

BEGIN I TAPE 4
sourrio~ 

I Cal culate noda l fo rces
PHASE equivalen t to element

str esses
READ loads fro nt TAPE 3

_ _ _ _ _ _ _

ASSE MB LE nonlinea r structure
s t i f f ness matrix

IF st i f fness update this s t e p .. .

READ linear st if fness
fr om TAPE 13

READ non l inear element
group data from TA PES 2/9

Upda te s t i f f n es s  m a t r ix

OR...
READ tria ngularized

nonlinea r stiffnes s from
TAPE 10

I CALL COLSOL to c om pute
displacement Increment

I

I Store trian 9u larlzed
nonl inear stiffn es s L
matr ix on TAPE 10

H

REA D loads from
TAPE 3

READ linear stiffnes s
front TAPE 4

READ non li near elemen t
EQUILIBRIUM group data from
ITERATION TAPES 2/9
PHASE Determine currCnt

nonlinear ef fect ive
Toads

READ tr iangu lar i zed
eff ective st i f fne s s

fr om TAPE 10
CALL COLSOL to compute
di sp lacemen t Increment

-

i

Calculate element st resses ]

Figure 4 - 1 .  NONSAP Flowchart
Program Operation ,n Nonlinear
Stat ic So lution Mode
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Assem bly Sta ge

Here the linea r and effective linear structural stiffness matrices

are assembled and stored on tape , as are the mass and damping matrices

(for a dynamic analysis). Matrices are stored in compacted form as one-
dimensiona l arrays. Only the elements below the “skyl ine ” of a matr i x are
processed , there by reduc i ng stora ge , input/output , and computationa l costs .

Solut i on Stage

In a nonl inear static anal ysis (the solution mode for which NONSAP

routines are used by HYDROSAP) damping and mass effects are neglected.

T i me serves as a loa di ng parame ter , only, and the input time step deter-

mines the loa d incremen t to be a pp li ed to the s truc ture dur i ng eac h solu-
tion step. The linea r stiffness matrix whic h was previousl y assemble d
and stored on tape , is updated at each solution step. This is accomodated

by updating the stiffness matrices of the nonlin ea r elements to form a cur-

rent tangent stiffness matrix. The load step interva l at which this up-

date occurs is one of the NO~ISAP control inputs.

t4oreover, within each load step , solution accuracy may be improved by
equilibrium iterations . The interval of load steps at which an equilib-

rium iteration is to be allowed is also a NO~1SAP control input.

A solu tion to the incremental linear equations at each load step is

performed by the linea r equation solver , COLSOL; a rou tine which performs

Gauss el iminations on the positive definite syim~ietrical system of equations.

This algorithm takes advantage of the banded and sparse structure of the

stiffness equations by not processing elements outside a matrix skyline ,

since they remain zero throughout the computation. The algorithm con-

s i sts of an LDLt decomposition of the tangent stiffness matrix into l ower

triangular , L , and diagona l , 0 , ma tr ices , followed by a reduction and

back subs titui on of the load vector .
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4.1.3 NONSAP Element Library

In this section we will briefly descr ib e only those NONSAP eleme nt
types which are used by HYOROSAP.

The One-Dimensional Truss Element

A one-d imensional truss element , which z
may be located in a three-dimensiona l space,
is used in HYDROSAP to model the thin skin

which is on the exterior of some cable fair-

ings. This element has two nodes; it is 1

assume d to have a constant cross-sectiona l ~
area (which corresponds to the sLin thickness

in the HYDROSAP plane strain ana l ysis) and to

undergo small strains and large disp lacements. Figure 4-2. A One-Dimensional
Truss Eleme nt

The Two-Dimensiona l Plane Stress/Plane Strain Element

An i soparame tr i c p lane stra i n eleme nt,
hav ing a var ia b le number of nodes , is used to Z
model the interior (cross-section) of the cable

fairing. This element may have from three to c

eight nodes; any of the nodes numbered from five

through ei ght on the sketch may be omitted . A 
8

three node element is obtained by setting the co-

ord inates of two nodes , for a four node quadri-
lateral , equal to each other . In a plane strain

ana lysis the out-of-plane element thickness is as-

sumed to be unity . Fi gure 4-3. A Two-Dimensional
P l ane Stra i n Iso parame tr i c

4.2 Subroutine Descri ptions Quadrilatera l Element

In this section , a brief description of the various NONSAP subroutines

is provided . In addition , a structure map of the NONSAP module can be
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found in Appendix A.

ADOBAN Assembles upper triangular element stiffness into a compact globa l

stiffness matrix.

ADDCM* Adds nodal masses and dampers to the globa l mass mat rix or to

the global effective stiffness matrix.

ADDDI Adds displacement increments to the working displacement array.

ADDF4A* Adds element masses to the globa l l umped mass array.

ADDRES Calculates addresses for diagona l elements in a banded matrix

whose col umn he ig hts are known .

ASSEM Assembles matrices needed in a solution and dumps them to mass

s torage .

BANDET* Performs triangular factorization and determinant calculations for

a banded matrix .

CAUCHY Converts Piola-Kircho ff stresses to Cauchy stresses .

CDMOD* Provides the curve description non-linear material model (for

two—dimensiona l elements).

CflOD3D* Provides the curve description non-linear mate rial model (for

three—dimensional elements).

COLHT Compu tes column hei ghts for a banded sparse matrix.

*These subifoutines are not required for the sing le element foils dealt with
in the pré~sen t study ; however , they are retained (and discussed ) since
they constitute a part of the tota l computational program and may be of
value to future users .
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COLSOL The simultaneous linea r equation in-core solver routine. It

uses compac ted stora ge an d a column reduc ti on scheme .

DCRACK* This routine modifies the stress-strain model to account for

ma terial cracking .

DERIQ A routine which evaluates the strain-displacement matrix for

quadrilatera l elements with axisymmetric geometry .

DERIQ3 Evalua tes the strain-displacement matrix for the 8 to 21 node

curv ilinear hexahedron .

DRUCK* Provides element stresses for the Drucker-Prager non-linear

ma terial model .

ELCAL Makes the calls to appropriate element routines for reading,

limited checking, generating, and storinQ of finite element data .

ELEMNI Provides for cal l s to the appropriate one- , two- , or three-

dimensional element initialization routines.

ELPAL* An algorithm to generate the elasto -plastic non-linear ma terial

model .

ELT2D3* The 2-0 material model fl: Variable Tangent Moduli Model .

ELT2D4* The 2-0 material model ~4 or ~5: Curve Description Model .

ELT2D6* The 2-D material model #C: Von Mises Elastoplast ic I’iodel .

ELT2D7* The 2-D material model #7: Drucker-Prager Elastoplastic Model .

*These subroutines are not required for the sing le element foils dealt with
in the present study ; however , they are retained (and discussed ) since
they constitute a part of the total computational prograr l and may be of
value to future users .
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ELT2D8* The 2-0 material Model #8: Incompressibl e Elastic Model

ELT2D9* A dumy routine for any user-provided non-linea r ma terial model .

ELT3D3* The 3-D material model #3: Curve Description I~on-linear Model .

ELT3D4*

ELT3D5*
ELT3D6*

EL2D1 O* Dumy material models (user-supplied).

EL2D1 1*
EL2D12 *

EQUIT An iteration scheme used to achieve dynamic equilibrium .

ERROR This routine prints error message if storage requirements exceed

program capacity .

FREQSm This routine finds l owest frequencies and mode shapes for the

lin ear i zed s tructure .

FUNCT* A subprogram which computes the

interpolation functions and their derivatives for the

curv ilinear isoparametric hexahedron (8 to 21 nodes),or

the

Jacobian of element mapping function .

F(JNCT2 A rou tine to compute the

interpo l ation functions and their derivat ives for the curvi-

linear isopararnetric quadrilatera l (4 to 8 nodes), or the

Jacobian of element mapping function.

*These subroutines are not required for the single element foils dealt with
in the present stud y; however , they are retained (and discussed ) since
they constitute a part of the total computat ional procran and may be of
value to future users .
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ICDMOD* An initializing routine for CDMOD .

ICMOD3* An initializing routine for CNOD3D.

IDRUCK* An initializing routine for DRUCK.

IELPAL * An initializing routine for ELPAL .

INITAL Init ia li zes the di sp lacemen t, velocity , and acceleration arrays .

INITWA* Initializes the working array used with the 2-C non-linear material

models.

INPUT A routine which

reads and prints nodal point data ,

generates missing nodal data , and

determines equation numbers associated with each node .

INTWA3* Initializes the working array used with the 3-0 non—linear material

models.

IVTMOD* An initializin g routine for VTMOD.

LOADEF An al gorithm to calculate effective app lied loads ~exclud ing non-

l inear contributions).

LOADER (A BTS-supplied 1-IYDROSAP routine) converts a pressure distribution

to consistent nodal loads and assigns appropriate load-profile

multipliers for each direction at every node.

*These subroutines are not required for the sinqie element foils dealt with
in the present study ; however , they are retained (and discussed ) since
they constitute a part of the tota l computational program and may be of
val ue to future users .
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• LOADS This subroutine

reads load profiles and interpolates functional values at

requested points in time ,
. reads nodal load factors , and

calculates noda l loads for each time step and stores the

resul ts on Ta pe 3.

MATBAR Computes stresses for the 1-0 truss elements.

MA TRT2 Prints material properties for the 2-D elements.

MATWRT* Prints material properties for the 3-C elements.

MAXAEX* Shifts elements of a workin g array durin g the ei gen va lue  anal ysis.

M A X M I N  An algorithm to calculate principa l stresses.

M IDE F *  A routine which forms the elasto -plastic material matrix.

MLTPLY* An algorithm to compute A=B*C , where B is a matrix (stored

in compacted form) and A and C are vectors.

M OO N E Y * An algorithm to describe an incompressible nonlinear elastic

material (Mooney-Rivlin description in a state of plane stress).

ML’LT An algorithm to compute A=B*C , where B is a matrix (stored

in compacted form ) and A and C are vectors.

NDLLDS (A BTS-su pp lied HYDROSAP routine.) Determines consistent nodal

loads from the fairing surface geometry and its pressure dist ribution .

*These subroutines are not required for the single element foils dealt with
in the present study ; however , they are retained (and discussed) since
they constitute a part of the tota l computational program and may be of
value to future users .
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• NEWDAV This routine calculates the new displacements , veloc iti es , and

accelera tions at time t+4~t.

NODMAS* A routine that

• reads concentrated nodal masses and dampers , and

• computes nodal mass and/or damping vectors and stores them

on Tape 11 .

NONSAP The main program for the NONSAP modu le, in HYOROSAP . This routine

con trols NO~SAP execution.

~ONSPI A subprogram to read NONSAP input files.

OPCOEF This subprogram calculates the coefficients for the time-integra-

tion operators used in the Wilson Theta Method or the Newmark

Beta Method.

PNORN* An algorithm to compute a matrix pseudo -norm .

Pos lNv A subprogram used to invert a positive definite matrix.

PRAGER* Forms the elasto-plastic material matrix for the Drucker-Prager

material model

QUADM Calcu lates the consistent mass matrix for a quadrilateral element.

QUADM3* Calculates the consistent mass matrix for a curvili near hexahedron .

QUADS Determines the element stiffness mat rix for quadrilateral axisym-

metric or plane -stress/plane -strain 2-0 elements .

~~~~~ subroutines are not required for the single element foils dealt with
in the present study ; however , they are retained (and discussed ) since
they ccnstitut e a part of the total computational program and may be of
value to future users.
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QUADS3* Determines the element stiffness matrix for 3-D hexahedral curvi-

li near elemen ts .

READID Reads the ID array from Tape 8.

RUSS Reads and generates 1-0 truss element data ; also assembles the

l-D truss elements.

• SECAUT* This routine computes ei genva lues /eig envectors for a mod al
• analys is.

ST IME An a l gorithm which computes CPU time (seconds) remain ing in a job

time estimate.

STRESS Cal ls su bro uti ne ELEM~T for stress computations.

STSTL Generates the globa l stress-strain law for isotrop ic/orthotropic

2-D elements .

STSTN* Generates the stress- strain law and stresses for nonlinear mate rial

models.

STST3L* Generates the global stress—strain law for isotrop ic/orthotropic

3—D elements.

STST3fl* Generates stresses for all 3—0 models, and the stress-strain law

fo r nonl i nea r mater i al models .

TDFE This routine controls the generation and assembly of 2-0 elements .

THDFE* This routine controls the generation and assembly of 3-0 elements.

*These subroutines are not required for the sing le element foils dealt with
ir the present study ; however , they are retained (and discussed ) since
they constitute a part of th2 total computationa l program amd may be of

• val ue to future users .
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THRED~4~ Th i s subrout i ne

alloc ates storage for the 3-0 elements , and

calls THDFE .

TO OMFE Th i s rou ti ne

allocates storage for the 2-0 elements , and

cal ls  TDFE .

TT IHE An algorithm which computes elapsed CPU time (in seconds) from

last call to STIME .

TRUSS T hi s rout i ne

allo cates storage for the l-D elements , and
• calls RUSS .

VT flOD~~ The variable tangent moduli material model .

WRITE A subroutine to print displacements , veloc ities and accelerations .

• WR1FRQ A subroutine to print frequencies and mode shapes in an el gen-
system anal ysis.

4.3 NONSAP Input

This section details the contents of the NONSAP input file. With

HYDROSAP operating in the SHRTIN TRUE mode, this file is built auto-

ma ti ca l l y. However , for specialized applications the user nay wish to

construct this file himself. We will omit discussing the HONSAP control

• *These subroutines are not required for the sing le element foils dealt with
in the present study ; however , they are retained (and discussed ) since
they constitute a part of the total computational program and may be of
value to futureusers .
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car d groups (such as those governing three-dimens ional or dynamic anal ysis)

wh ich are not applicable to a nonlinear , static , plane strain analysis.

A complete discussion of the NONSAP input format is available else-

where [12].

NONSAP Input Deck

CARD 1: Heading Card FORMA T (lOA8)

NED - 80 column title.

CARDS 2: Master Control Cards FORMAT (15 , 611 , 14 ,

315 , 2F10.O, 15)

Card 2.1 NUMP - Total number of nodal points;
= 0, program stops.

IDOF(l) - Master X-transl ation code
= 0, admissible degree of freedom
= 1 , deleted degree of freedom.

IDOF( 2) - Master V-translation code.

IDOF (3) - Master Z-tran slation code.

IDOF(4) - Master X-rotation code.

IDOF(5) — Master V-rotation code.

IDOF(6) - Master Z-rotation code.

NEGL - Number of li near elemen t grou ps ;
= 0 , a l l  elemen ts are nonl i near .

NEGNL - ~‘Ju mber of nonlinea r element groups ;
= 0, all el ements are li near .

MODEX - Solu ti on mode;
0, da ta c heck only

= 1 , execu ti on
= 2, restart.

NSTE - Number of solution time steps.

DT - Tine step increment.

ISTART - Time at solution start.

IPRI - Output print interval.
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Card 2.2 FORIIAT (4 15)

IMASS - Static or dynamic analysis control flag;

= 0, static analysis (use only this va l ue in

a full HYDROSAP analysis)
= 1 , dynamic analysis with l umped (diagonal)

mass matrix
= 2, dynamic anal ysis with consistent mass

ma trix.

IDAMP - Dampino control flag;
= 0, no dampin g (use onl y thi s value i n a full

HYDROSAP anal ysis)
= 1 , Rayleigh damping assumed .

JMASSN - Number of concentrated noda l masses.

1DAMP~ - Number of concentrated noda l dampers .

Card 2.3 FORMAT (15)

IEIG - E ig ens ys tem con trol flag ;
= 0, no eigensystem solution
= 1 , find l owest frequencies and mode shapes.

Card 2.4 FORMA T (~r5 , ElO .4)

ISREF - Number of time steps between effective stiff-

ness matrix upda tes .
• NUNREF - Number of allowable stiffnes mat rix updates

within each time step.

IEQUIT - t~urnber of time steps between equilibrium

i terations .

ITE MA X - Maximum number of equilibrium iterations permit-

ted.

RTOL - Rela tiv e tolerance use d to measure equi lib r i um
convergence.

Card 2.5 FORT AT (110, 2FlO.0)

lOPE - Time integration method;
= 1 , Wilson-Theta method
= 2, ~ewmark-Beta method .
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O P V A R (l )  - First integration parameter.

O P V A R ( 2)  - Second integration pa rameter .

Note : This card is read but ignored in a static analysis

(IMA SS=O).

Card 2.6 FORMAT (415)

NPB - Number of blocks for displacement/velocity/

acceleration output ;

= 0, print all nodal components .

IDC - Displacement print code

= 0, no pr i nt
= 1 , print.

IVC - Veloc i ty print code.

IAC — Acceleration print code .

Card 2.7 FORMAT (1615)

IPNODE(l ,l)-  F i rs t node of printout block no. 1.

JP NO DE (2 ,l ) -  Last node of printout block no . 1.

1PNODE(l ,2)- First node of printout block no. 2.

Note : Leave this card blank if MPB O.

CARDS 3 : Nodal Po i nt Da ta FORMAT (Al , 14, Al , 14 ,
515 , 3FlO .O, 15)

CT - Coordinate system for this node;

= (blank), cartesian (X,Y ,Z )
= X , X-cylindrica l .

- node number of this node (l~ N~NUMNP)
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PSF - Print suppression flag;
= (blank), no su ppression

A , suppress ordered list of node coord i nates
= B, su pp ress l i st of equa ti on num bers
= C , both A and B above.

ID(l ,N) - X-trans lation boundary code.

ID (2 ,N) - V-translation boundary code.

ID(3,N) - Z-trans lation boundary code.

ID(4,N) - X-rotation boundary code.

ID(5 ,N) - V-rotation boundary code.

ID(6 ,U) - Z-rotation boundary code.

X(N) - X (or Z) coordinate (inches).

Y(N) - V (or R) coordinate (inches)

Z ( N )  - Z (or 9) coordinate (inches or radians)

KN - Node number increment for automatic nodal data

generation

Note: Input one card per node being defined .

CARDS 4: Applied Loads Data FORMAT (315)

Card 4.1 N LOAD - Number of noda l load cards.

NLCUR - Number of load profile time functions.

NPTM - Maximum number of points used to describe

any one load curve

Cards 4.2 Load Curve Data

Card 4.2.1 Control Data FORMAT (215)
- Time function number (1:~ TF~MLCUR)

NPTS - Number of ordered pai rs defining the time
functi on (2:JJPTS~ JPTM ).

Card 4.2.2 (T,F(T)) Pa irs FORMAT (8F10.0)
TJMV( l ) - Time , I , at point 1.

RV(l) - Funct ion value , F(T) at point. 1 .
T IMV(2)

(Continued )
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RV(2)

T IMV ( MPTS )
RV(NPTS )

Card 4.2.3 Noda l Loads Data FORMAT (315, F1O .O)

Note: Skip this card if NLOAD=O , otherwise input

NLOAD cards.

NOD - Node number to which this load is applied .

1DIRN - Degree of freedom (direction) in which this

load is applied ;
= 0, solution terminated
= 1 , X- trans lation
= 2, V—t ranslation
= 3, Z-trans lation.

FAC - Function multiplicative factor used to scale

F(T) for this load .

CARD 5 : Rayleigh Damp ing Specification FORMA T (2F1O .O)

(Omit thiscard if IDA~4P = 0.)
• ADAMP - Ray leigh damping coefficient ~

BDAMP - Ray le ig h dam pi ng coeff icient ~

CARDS 6: Concentrated Nodal Masses FORMAT (110 , 6F1O .O)

(Omit these cards if IMASSN = 0 , otherwise input

IMASSN cards.)

N - Node number .
XNASS(l) - X-direction mass.

X MA SS(2) - V-direction mass.

X MA SS(3) - Z— direction mass.

X MA SS(4) - X-rotationa l mass.

XMASS(5) - V-rotational mass.

XNASS(6) - 2-rotationa l mass.
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CARDS 7: Concentrated Nodal Dampers FORMAT (110, £FlO.O)

(Omit these cards if IDAMPN = 0 , otherwise input IDAMPN

car d s .)
N - Node number .
XDAMP( l)  - X—direction damper.

XDAMP(2) - V-direction damper.

XDAMP(3) - 2—direction damper.

XDAMP(4) - X-rotation damper .

XDAMP(5) - Y-rotation damper.

X D AF 1P( 6 )  - 2-rotation damper.

CARDS 8: initial Conditions

Card 8.1 FORMAT (15)

ICON - Initial condition flag
= 0, zero initial conditions generated

automatically
= 1 , non-zero initial conditions read from

input.

Cards 8.2 F O R M AT (6El2.)

DISP(l)
initial displacement vector , ~EQ = number
of equations.

DIS P( M EQ )
VEL( l)

I In itial velocity vector (omit if IMASS =

0).

VEL( NEQ )
ACC( l )

Ini tial accelera tion vector (omi t if IMASS =

0).

IACC (NEQ)

CARDS 9: Truss Elements

(omit group if no truss elements present.)

(Continued )
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Cards 9.1 Element Control Card FORMA T (2014)
NPAR(l) — = 1

NPAR(2) - Number of truss elements in this group (~ 1)
NPAR( 3) - Type of analysis:

= 1 , mater ia l  nonl inear i ty onl y
2, updated Lagrang i an

NPAR(4)

- not use d

NPAR(l4)
NPAR(lS) - Material model number;

1 , l i near e las ti c
2, nonl inear e las ti c

NPAR (16) - Number of different sets of material section

properties (~ 1)

NPAR (l7) - Number of material model constants per set;
= 0, if NPAR(l 5) =

~ 4 , if NPAR( l5 ) = 2

Cards 9.2 Linear Elastic Material /Section Property Cards

(Omit this group is NPAR (l5) ~ 1 , otherwise read

NPAR( 16) sets of cards.)

Card 9.2.1 Materia ’~ Number FORMAT (IS)

N - Material/Section number (1~ N~UPAR(l6))

Card 9.2.2 Properties FORMA T ( 4 F l O . O )
E(N) - Young ’ s modulus (psi)

AREA(N ) - Cross-section area (in 2)

DEN (N) — Mass density (slugs)
STRA 1(N) - Initial axial strain (in/in).

Card 9.3 Nonlinear Elastic Ma terial/Section Property Cards

(Omitted.. .not applicable for the linear material models

assumed in HYDROSAP.)
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CARDS 10: 2/0 Con tinuum Elements
Card 10.1 Element Group Control Card FORMAT (2014)

NPAR(l) - = 2

NPAR(2) - Number of elements in this group (~ 
1)

NPAR (3) - Type of analysis;

= 1 , ma ter i al nonl i near ity onl y
= 2 , total Lagrangian
= 3 , updated Lagrangian

NPAR (4) - Not used

NPAR(5) - Element type
= 0, axisymetric
= 1 , plane strain
= 2 , p l ane  stress

NPAR(6) - Not used

NPAR (7) - Maximum number of nodes in any element

(4~NPA R(7)~8)
NPA R( 8)
NPAR(9) J Not used
NPAR(l0) - Numerical integration order to be used in

Gauss qua d rature (2~NPAR(lO) ~4)
NPAR( l l) )
NPAR(l 2) ~ Not use d

NPAR(13) - Number of stress output l ocation tables ;

= 0, print stresses at integration points

NPAR(l4) - Not used

NPAR(l 5) - Material model number (l~ NPAR(l5)~ l2)
= 1 , linea r isotrop ic
= 2, linear orthotropic

3, variable tangent moduli
= 4, curve descrip tion model
= 5, curve descri pt ion w i th tens i on cu toff
= 6, elas tic-plastic (von Mises)

7 , elastic -plastic (Drucker-Prager )

(Continued )
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= 8 , incompressible nonlinear elastic

(Mooney-Rivl in)
= 9 ,  user-supplied material model

NPAR(1 6) - Number of sets of material properti es

NPAR(1 7) - Number of material constants per property set:
= 0, if NPAR(l5 )~z9
= 1 , if NPAR(l5)~9

NPAR(l 8) - Dimension of storage array required for element

history ;
= 0, if NPAR( 15)<9.

Car d s 10.2 Material P~operty Data
In put NPAR(l6) sets of cards

Card 10.2.1 Ma terial Number FORMAT (15, F1O.O )

N - Ma teri al number
DEN(N) - Mass density of material (slugs)

Card 10.2.2 Material Property Cards FORMA T (2F10.0)

(The forma t is g iven for NPAR( 15)=l onl y. Other material

models are not used in HYDROSAP .)

PROP( 1 ,N) — Young ’ s modulus (psi)
PROP (2 ,N) - Poisson ’ s ratio

Card 10.3 Stress Output Tables

(Not applicable. ..omit.)

Card 10 .4 Element Da ta Car d s FORMA T ( 15 , 13 , 12 ,
2FlO .O, 1015)

M - Element number (within this group )

JEL — Number of nodes used to describe this element

IPS - Number of the stress table to be used for this

elemen t;

0, no stress output for this element

BET - Material ang le , B , used with the linear

orthotropic material model
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THIC — Element thickness (applies to plane stress

onl y) (inches).

MTYP - Mater i al proper ty se t number ass i gned to th i s
element

KG - Node generation parameter for missing elements

NOD(l) - Globa l node number of element nodal point 1

NOD(8) - Global node number of element nodal point 8.

CARDS 11 : 3/D Con ti nuum El ements
(Not used in HVDROSAP. ..omitted .)

CARDS 1 2: Ei gensy~tem Solution

(Not used in HYDROSAP. . .omitted.)

4.4 NONSAP Ou tput

In  this section we discuss the output forma t of the structural analysis

• module. The output for a sample anal ysis is discussed in detail in section

5. The NONSAP output (written to an output unit defined by HYDROSAr vari-

able IWRTØ) may be divided into two broad classes : probl em definition out-

put and displacement output.

4.4.1 Problem Definition 0~~put

Problem definition output follows the problem title and consists of a

summary of user-supplied -- as well as program-generated - -  control informa-

tion for the run; nodal point data ; equation number assignments ; nodal

loads data ; and element defini tion da ta . The list of control information

for the run is for the most part self-explanato ry . The nodal point data

gives the boundary condition codes (l=constr ained , 0=free) for each nodal

degree of freedom and the cartesian coordinates for each node. Th~ equa-
t i o r i  number data identifies the equation associated with each active degree

of freedom in the structure.
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The nodal loads are defined by a combination of (non-dimensional) load

profile time function(s) and specific load curve multipliers which correspond

to each structural degree of freedom (node and direction ). When NONSAP is

being used as part of HYDROSAP , in the “full” i teration mode , the load

curve mul ti pliers are determined automaticall y from the fairing ’s (deformed )

geometry and current surface pressu re distribution. The load curve multi-

pliers represent consistent finite element concentrated loads which are

work -equ ivalent to the fairin g ’ s surface pressure distribution. The load

profile time function defined by the HYDROSAP short form input pre-processor

is shown in Figure 4-4. Note that the convention used in HYDROSAP is to

relate the value of the NONSAP variable TIME to the HYDROSAP ‘ Outer ’ itera-

tion num ber: at the start of a NONSAP computation , in an outer iteration

ITER ,

TIME = F L O A T ( IT E R- l )

Thus , for example , during HYDROSAP outer iteration fl ’~~~L~~’ five , TIME
increases from T1ME=4.O to TIME=5 .O . In the current HYDROSA P version

the time is incremented to steps of size DT=l .O , except during outer

iteration ITER=l . During this first outer iteration TIME is incremented

in NSTE (~NVDR0SAP control variable NSTEPS) steps of size DT=l/NSTE

Due to the shape of the load curve profile (Fi gure 4-4). this procedure has

the effect of loading the orig inal fai ring with the first HYDRO pressure

distr ibution in “NSTE’ q’iasistatic load steps .

~II 
/ ~~~~~~~~T IN i E

Fiuii ,re 4 - 4 .  H~DR0SAP Non- Dim en sinn al Load Profil e
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The element definition data is reported in element groups. Elements

within a group are of the same type (l— D Truss , 2-0 quadrilateral , 3-0

Hexa hedral), the same degree of nonlinearity , the same sub-type (axisym-

metric , plane strain , plane stress); and , have the same type of material

model . There may be several material property sets for each group, how-

ever . For example , fairing CORE and TAIL elements are 2-D quadrilateral ,

plane strain , updated Lagrang ian , isotropic elements which have differing

elastic properties. Elements are numbered within each group, an d a
“connectivity ” table is printed which identifies the global nodes defin-

ing each element.

4.4.2 Displacement Output

Following the problem definition data , the program prints the initial

displacements for each node, and then the computed nodal displacements

after every ~°RI (~ HYDROSAP control variable IPRINT ) steps during the

solution process. Note that for HYDROSAP calculations all displacements

are zero except those in the V-Z p lane . This is the reference plane for

a NO~SAP plane strain anal ysis. The V-direction is defined by the unde-

formed fairin g chord , and the Z-direct ion is transverse to the chord .

F 
(Note tha t the corresponding HYDRO coordinate system is described in the

X-Z plane.)
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5. SAMPLE ANALYSIS

To illustrate the capabilities of the HYDROSAP software system ,

the resul ts of a sample analysis are discussed in this section . A

hypothetical 3 inch chord fai red cable of NACA 0020 section was “towed ”

throug h the water at 44 fps (34.5 knots) with an angle of attack of 8°.

Structurally, the towl i ne sec ti on was modelled as having a rigid
( ECORE = lxl06 psi) CORE extending aft from the l eading edge for 3/4”

(Y1CORE 0.0, Y2CORE = 0.75). The afterbody, or TAIL , was defined

to be a relatively flexible rubber-like ma terial (ETAIL = lxlO 4 psi).

The entire fairing section was enclosed by a very flexible SK1i\

(ESKIN = 2xl03 psi), 0.05 inches thick (TSKIN = 0.05). The finite

element mesh used to anal yze the structural response was generated

• automatically by the software (MESHC = 11 , MESHT = 3). The mesh
• consisted of 48 2-D elements having 57 nodes; the outer SKIN connecting

the surface nodes was modelled by 24 l-D elements.

For the purposes of the hydrodynamic computat ions , the fairing ’ s

NACA 0020 surface profile was modelled by 35 surface points distributed

automatically (HYDROSAP controls IPANEL = 2, and N = — 3 . . . for FOILØ3)

on the upper and l ower fairin g surfaces by the software. Viscous
• effects were included in the computations in each of the HVDROSAP

“outer iterations ” (ITRSwT = 1) .

The effect of the hydrodynar nic loading on the flexible symmetric

fairing was to induce negative camber. Figure 5-1 summarizes the types

of deformations suffered by the fairing cross-section. Evidently, the

material above the fa iring chord was compressed , while that below was

in tension. The equilibrium trailing edge transverse deflection was

approximately 2.3~ of the chord .
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The negative camber acted to reduce the magnitude of the lift

and (nose) moment coefficients significantly. In Figure 5-2, the
hydrodynamic coefficients are plotted for each successive pass through

the HYDROSAP system . It is evident from the graph that after 10

iterations the hydrodynamic loading and structural response are in

equil ibrium. The fairing ’ s deformation has reduced the lift coefficient

by 24%, from CL = .8996 for the undeformed fairing, to CL = .6794

for the deformed fairir mg . The nose-down moment coefficient , ta ken
about the lea di ng edge , has been reduced by 29%. Figure 5-3 shows the

effect that the modest chordwise deflection of the fairing has on the

pressure distribution . The pressure coefficients are reduced in magni-

tude by about 10% to 20% even in the ri gid leading edge region. The

trailing edge deflection evidently makes its presence felt g loball y over
the fairing surface.

It is clear that the chordwise flex ibility of a towl i ne fairing

can have significant effect upon the fairing ’ s hydrodynamic properties.
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HYDROSAP Ov er lay Struc tu re

In order to retain the full capabilities of the HYDRO and NONSAP

modules , whi c h com pri se HYDROSAP , an d yet keep the en ti re HYDROSAP system ’ s

core re qu i remen ts to a m i n i mum , an extensive overlay structure has been

prepared . Currently the system requires approximately 390 k bytes of

core. A versior, without overlay would require over 600 k. Maps of

the overlay structure are given in Fi gures A - i , A-2 , and A-3.
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• Subroutine: BEGIN~

FUNCTIO N:

BEGINS initializes HYDROSAP variables and sets defau lt values for the

control variables brought in via NAMEL ISI /DRV/ (see subroutine INPUT~ ).

CALLING SEQUENCE:

Call BEGINS

COMMON BLOCKS :

/ IN T GRO /  / L O GIC ~~ /

, ‘ I N T G R l /  /R ~~ AL~~~~

• 
/ I NT GR / /A R RA ~~~~

I SURF CE !

I/O uNITS:

None.

F PRINC i PAL VARIABLES:

See subroutine ~NPUT~ .

EXTERNAL R E F E R E N C E S :

None.

CALLED BY :

D R I V E R
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Subroutine CONVRG

FUNCTION :

CONVRG tests the size of the current displacement increr~ ,~~, relative to

the total displacement , against a user—ass igned tolerance value.

CO NV RG is called after each of the NONSAP displacement computations , in

each HYDROSAP outer iteration.

CALL i NG SEQUENCE:

Call CONV RG (D1SP , D 1 SPI , N E Q . TOL, ISTOP).

COMMON BLO L~~ S:

/ I N G

,‘LOGIC ~ ’

70 UN~~S:

W i t  I PAPER 6 for printer output

= 22 for d ummy

Unit 12 Terminal sunIF~I,’3ry output.

P R I N C I P A L  V A R I A B L E S :

DISP array of displacements at each of the NONSAP nodes

(input)

DISPI array of displacement in c remen t s at each of the NONSAP
nodes (input)

N E Q number of equations (active degrees of freedom ) in

N ONSAP (input)

TOL tolerance level assigned for the converoence test (in-
put )

B-3
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ISTOP convergence status (output)

= 0 no t conver ged; procee d w ith nex t HYDROSAP ou ter
iteration

= 1 convergence achieved ; norma l termination

= 2 disp lacement increments all zero ; er ror terminatio n .

EXTERNAL REFERENCE S:

*DSQRT FORTRAN Doub le-precision square root function.

CML LSED BY :

DRIVER

*A standard (machine) rout ine.

B-4
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Su b rou ti ne DEFALT

FUNCTION:

DEFALT calls the approp riate fair ing profile libra ry routine for short

form input (SHRTIN= .TRUE.). based upon user control input (variable N).

CALLING SE QUENCE :

Call DEFALT (x ,Z,N).

COMMON BLOCKS:

None.

I/O UNITS:

None.

P R I N C I P A L  VARIABLES:

X ,Z an array of fairing upper surface coordinates expressed

in inches (output).

x(I) = chordw ise location , for the 1 th station

Z(I) = fai ring local semi -thickness, at the 1 th station

(X(l), 2(1)) = leading edge

(X(N), Z(N)) = trailing edge

N = fairing library shape routine (input)

= number of profile points (output).

EXTERNAL REFERENCES :

FOILØ 1 Library of fairing cross-section (upper profile)

FOlL~J2 arrays. [Only FOIL~1 through FOILØ5 are currently

implemented. ]

6-5
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FO I L~5

F01L99

CALLED BY:

HYD I N

I * 
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Program DRIVER

(alias HYDROSI4P)

FUNCTION :

DRIVER is the main HYDROSAP executive routine . It controls the

HYDRO and NONSAP program modules, as well as the program initializa tion

input file preparation , convergence testing, and the graphics post-

processor output.

COMMON BLOCKS :

/INTGRØ/ /LOG1CA/

/INTGR1/ /SVRFCE/

/INTGR2/ /ARRA Y~J
IREAL~ / /ARRAY1/

/L O G I C~/

I/O UNITS:

Unit 5 System input stream (SYSIN)

Unit 12 Terminal sumary output (SYSOUT=X)

Uni t IPAPER = 6 printer output (SYSOUT=A)

22 dumy output

Un it IREAD~ NONSAP In put File (=55)

Unit IREAD1 HYOPO Input File (=66)

PRJNCJPAL VARIABLES:

SAPSIM = .TRUE ., NONSAP simulation mode only
HYDSIM = .TRUE., HYDRO s imulation mode only

SHRTIN = .TRUE., short form input; results in an automatic con-
struction of the HYDRO and NONSAP input files

TPRINT = .TRUE., terminal print summary requested (SYSOUT=X)

ECHO = .TRUE., “ec ho ” of HYDRO and NONSAP input files is
produced

POST .TRUE., graphics post-processor output is produced

B-7
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h E R  HYDROSAP outer iteration counter (value written).

LOOPMX maximum allowa ble value for h E R

ITRSWT i f  ITER .GE.ITRSWT , then the HYDRO computatio ns wi l l

include viscous effects ; otherwise HYDRO computations

are for a potential flow solution.

EXTERNAL REFERENCES:

BEGINS

i N P UTØ
HYDIN
SAP 1N
HYDRO
NO NSA P
CONGRG
OUTPsT

CALLED BY:

Not applicable.
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Su brou ti ne FO I LNN

FUNCTION:

FOILNN is a fairing cross-section , upper surface , library routine numbered

“NN” , where NN can range from 01 to 99. Files denoted “FOILOl ” through

“FOILO5 ’ are currently implemented . These library routines will sup-

ply default surface coordinates when SHRTIN= .TRUE. (see DRIVER).

CALLING SEQUENCE :

Call FOI LN~. (X,Z,N).

COMMON BLOCKS :

None -

I/O UNITS :

None.

PRINC I PAL VAR iABLE S:

X ,Z arrays g iving the fairir .g’ s upper surface coordinates ,

in inches (see subrout ine DEFALT), on output.

N number of fair ing upper coordinate pairs on the output

file.

EXTERNAL REFERENCE S:

None .

CALLED BY:

DEFALT
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FOIL ROUTiNES CURRENTLY iMPLEMENTED:

FOILO 1 A typical fair’ing profile (measured from the actual cable

sample given to BTS , Inc.)

FOILO2 Fa iring Model I , taken from : “Exp. Det’n. of Hydrodynamic

Loa di ng for Ten Ca b le Fa i r i ng Models ” , by R. Fol b ,
DTNSRDC Rept. 4610, November , 1975.

FO1LO3 NACA 0020 section having a 3 inch chord

FO I L~ 4 NCS 0010 section , having a 3 inch chord

FO I L~5 Reserved for program expansion .

8-10
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Subroutine HYD1N

FUNCTION :

HYDIN is an auxiliary routine which builds a complete HYDRO input file,

based upon values for the contro l variables input throug h NAMELIST /DRV/.

HYDIN is activated (only) when SHRTIN= .TRUE .

CALLING SEQUENCE:

Call HYDIN (lOUT , I P A PER , X ,Z,N,V , ALPHA , ECHO , T I T L E ) .

COMMON BLOCKS :

None .

1,/0 UNITS:

Unit 66 H YDRO input file

Unit 6 Printer output (SYSOUT A)

Unit 22 Duniny .

P R i N C I P A L  VAR I ABLES :

lOUT HYDRO input file number

I PAPER output file , to echo the HYDRO input file being built

X ,Z arrays of fairing (upper surface) coordinates , expressed

in inches (see DEFALT).

N number of fairing upper surface coordinates

V freestream veloc i ty (ft/sec.)

ALPHA fairing angle of attack (degrees)

ECHO .TRUE ., produce an “ec ho ” of the HYDRO in~ it file

TITLE 80 cha racter (run ) title

B- ll
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EXTERNAL REFERENCES :

DEFALT
DSQRT FORTRAN double prec ision square root

OFLOAT FORTRAN double precision floating po int conversio n.

CALLED BY:

DRIVER
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Subroutine J N PUT ~

FUNCTION :

INPUT O over—rides the default values , ass i gn ed to HYDROSAP con trol
var iables (see BEGINØ ), with contro l values read in through NAMELIST

/DRV/ .

CALLING SEQUENCE:

Call INPUTS.

COMMON BLOCKS :

/REALO/ /INTGR2/

/INTGRO/ /LOGICO/

/INTGR1/ .

i/O UNiTS:

Unit 5

Unit 6.

P R I N C I P A L  VARIABLES:

Principal variables are read in , via namelist format , through /DRV/ .

A full description of the control variable functions and defaults is

included in the discussion of NAM~LIST /DRV/. We include here only a

list of the relevant variable names :

N A M ELIST / DRV /
I NTORD , INTORX , IPA NEL . ~ A . , : ~~~~~~~~ :~~E. . I~~ RTC, IW R T 1 , LOOPMX ,

MESHC , MESHT . N , N STEPS ,

CORE. DEB UG . ECHO, HYOS I~’. ~~~~ S~ I~1. s~ pT:’~, S~.lN . TAlL , T P RINT ,

A LPHA . ECORE . ESKIN , ET A~~, u ,uPE . ~~ N . ~‘TA IL. PZERO . RHO , TOL ,

TS IN . Y1CORE , Y2COPE .
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EXTERNAL REFERENCE S:

None.

CALLED BY:

DRIVER
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